The process of motorcycle seat styling is a grey system with partially known and partially unknown information and is influenced by various factors. In this study, Grey Modelling (GM)(1,1) is used to predict the style of a motorcycle seat, and the shape features of the seat are extracted via morphological analysis and are parameterized. The process of shape evolution is established, and the modelling characteristics are predicted by GM(1,1). The kansei study is performed using five adjectives describing the seat styles to establish the equation of kansei regression analysis. The regression analysis is employed to modify predictive modelling. A certain brand of motorcycle seats is modelled to analyse and verify the feasibility and scientific applicability of adopting GM(1,1) in predicting motorcycle seat styling, which provided a feasible and effective reference for the motorcycle seat design.
INTRODUCTION
As the motorcycle is one of the popular modes of transport, research on its modelling research is expanding. Motorcycle styling is an important link in the motorcycle design and development. Motorcycle styling design is one of the applications of computer-aided design technology. The modelling design of a motorcycle is not purely aesthetic but is influenced and restricted by its functions, materials, crafts, in addition to human-machine environment. In motorcycle styling, the seat is one of the most important parts. The motorcycle seat affects the comfort and safety of the driver; therefore, it plays a key role in motorcycle styling. The side contour lines of a motorcycle include important information such as the type of the motorcycle and the overall style. They can be used as the personalised information to differentiate the visual images of different motorcycle models [3] .
trend of the domestic motorcycle seats lacks quantitative prediction; hence, the grey system theory [6] is applied to the motorcycle seat modelling prediction research. A quantitative model for predicting the development trend of motorcycle seat modelling is attempted. Then the feasibility of the theoretical prediction is verified by a case study. Therefore, in this study, the side contour line of a motorcycle seat is considered as the research object. In order to extract the features of motorcycle seat modelling, the method of extracting the cross-sectional shape feature is adopted [11] . Therefore, the transformation of a kansei image into a rational image is achieved.
The predictive models have been employed with great effect in many areas in the social and natural sciences. A study proposed a simple and valid predictive model for acquiring external ischial tuberosity width (EITW) values to determine the seats for riders when bicycling [4] . According to Carneiro et al. [2] , home care nurses often have high prevalence rates of musculoskeletal complaints, so the study developed a statistical model to predict lumbar complaints. Wu and Wada summarised many researches of several scholars, and reported that human performance modeling (HPM) provided a new set of methods to predict operator performance for improved productivity and safety [22] .
The grey system theory is one of the most commonly used prediction model. The GM(1,1) is the most frequently used prediction model in the grey system. The GM(1,1) model has a very extensive scope, and it has achieved a good prediction accuracy. A "small sample" with "partially known and partially unknown information" and an uncertain system with "poor information" are the subjects investigated in the GM(1,1) model.
Wu et al. [23] summarised five aspects of GM(1,1) from the existing research. A study applied GM (1, 1) to predict the number of end-of-life vehicles in Turkey [7] . The result demonstrated that the GM(1,1) model can be used in similar forecasting problems. Silva et al. [15] analysed the performance of two prediction methods, which are the linear regression and grey model. Statistical indicators were gathered to create a game theory payoff matrix. Dejamkhooy et al. [5] utilised the improved grey system theory to predict the time series. The results demonstrated that the modified grey models have high performances both in model fitting and forecasting. A hybrid optimised grey model was proposed to forecast the annual power load. The result indicated that the optimised GM(1,1) model can significantly improve the accuracy of the annual power load forecast by Zhao and Guo [27] . Bezuglov and Comert [1] used the grey system theory models to predict the short-term freeway traffic parameter. They observed that the grey model was simple and adaptable and had other advantages. Tabaszewski and Cempel [17] proposed three methods to counteract the errors in automated diagnostic systems based on the grey system theory and GM(1,1).
Evans [8] developed another method to estimate the unknown parameter of GM(1,1), which proved that this alternative method provides more reliable parameter estimation. A novel prediction-based data collection protocol was proposed by Wei et al. [21] . The result demonstrated that the proposed method improved the service life of wireless sensor networks significantly. Wang and Hung [20] used the systematic grey prediction for hole filling. The hole filling results were superior to other known methods. Tsaur [18] verified the reliability and validity of GM(1,1) and used two examples of the LCD TV demand to illustrate the proposed models. After two years, Tsaur [19] continued to investigate and derive the grey model. He successfully predicted the LCD TV demand by using this model. The remainder of this paper is organized as follows. Section 2 introduces the procedure of parameterization, the arithmetic of GM(1,1) model and its evaluation. In Section 3, the prediction process based on GM(1,1) models is shown, including data acquisition, model simulation, prediction results and results analysis. Section 4 discusses the error analysis, predictive seat styling correction and its verification. Finally, the findings in this paper is summarized in Section 5. 
Computer

MATERIALS AND METHODS
In this section, the parameterisation of seat styling is first summarized; then the idiographic arithmetic of the GM(1,1) model and its evaluation are introduced.
PARAMETERISATION OF SEAT STYLING
The procedure for extracting the side contours of a seat is shown in Fig. 1 . In this process, the seat is reduced to 1/45 of the actual size and then the outline is extracted using a software named Rhinoceros (Rhino) [13] . By using the Curve instruction in Rhino, the seat contour line is parameterised by 41 control points as listed in Table 1 . The 41 control points for the seat are determined by its styling. So as to avoid inaccurate prediction results caused by inappropriate number of control points, the motorcycle seat profile is able to be described appropriately by 41 points, including the appropriate curvature and turning point. In order to carry out the parametric research, it is necessary to set the control points. Therefore, in this study, 1 (20,5) P (mm) is set.
Modelling using the Rhino is the reverse operation of motorcycle seat styling parameterisation [25] . As shown in Fig. 2 , numbers 1,2, , 1 n represent the existing styling of the product where n represents the new modelling. Then, the predictive modelling of the product is achieved by using the GM(1,1) model and Rhino. 
PREDICTION MODEL OF SEAT STYLING
In this study, the GM(1,1) model is used to predict the future motorcycle seat styling. The GM(1,1) model is particularly suitable for the case of data scarcity-only four training data values are adequate to determine the parameters of the prediction model [26] . The idiographic arithmetic of the GM(1,1) model is as follows [9] , [24] , [28] .
Generate accumulated data sequence
Definition: Assume that (0) X is an original data sequence
Generate the first-order Accumulated Generating Operation (1-AGO) sequence as
Generate mean generation
Assume the mean generation with consecutive neighbouring sequence is (1) 
Of which,
Develop the differential equation
The grey differential equation is
The corresponding albinism differential equation is
Definition:
The estimated value of u for which
Then by solving equation (6), the prediction value is obtained
EVALUATION AND CORRECTION OF PREDICTIVE MODELLING
In order to further improve the prediction results, in this study, a linear regression analysis was adopted to evaluate and correct the prediction results, taking the control point coordinate of the In this study, the concept of prototype seat modelling is referenced to predict the seat modelling accurately. The prototype seat is a theoretical seat model, which is obtained by the averaging calculation with sixteen samples that are parameterized. The predicted seat results are evaluated and analysed based on the prototype seat to correct the predicted modelling of the seat.
There are generally three methods to test the grey model: residual test, correlation test and posterior error test [12] . This study mainly adopts the residual test and the posterior error test.
Residual test
() k represents the relative error between the actual values,
, and the predictive values,
() k is the qualified residual that is less than 0.20 [14] .
Posterior error test
Let the raw data sequence be (0) X , variance 2 1 S , residuals sequence e and variance 2 2 S , then
Where, The calculated posterior error ratio is C :
The calculated small error P .
The prediction model can be used only if it passes the accuracy test. The quality of the model can be evaluated by using the model accuracy grade [10] , which is listed in Table 2 . 
Indicators of the accuracy test
CASE STUDY
A case study is conducted by considering a certain brand of motorcycles as an example and selecting a certain series of cross-riding motorcycle seats for the case analysis. According to the seat of a certain series, the grey prediction model is used to forecast the future seat styling.
PARAMETERISATION OF MOTORCYCLE SEAT
The side profiles of ten seat models of a certain series of a certain brand of motorcycles (marked: Model 1, Model 2, and Model 10) were extracted, and the seat modelling is parameterised by morphological analysis as shown in Table 3 . In Table 3 , the values are in mm, based of 1/45 scaling of the actual seat size. Table 3 : Seat modelling parameters of a certain series of motorcycles (mm).
MODEL SIMULATION AND EVALUATION
In this study, the accuracy of the prediction model was determined by simulation. The specific measures are as follows: the latest seat of a certain series is predicted by using the other nine seat models. If the results show that the relative error of the latest motorcycle seat is within the acceptable range, the prediction model is applied to a motorcycle seat. The predictive value of the tenth seat is obtained by using the GM(1,1) model. From Table 4 , the values of () k are less than 0.10, which are treated as the qualified residual. Based on the formula of 
PREDICTIVE SEAT MODELLING BY USING GM(1,1) MODEL
Insert the abscissa, ix P , and the ordinate value,
iy Pi , of each control point of the side profile of the seat of a certain series into the GM(1,1) model. The coordinate parameters of the control points for predicting the seat modelling are calculated as shown in Table 5 .
According to the coordinates listed in Table 5 , the profile of a cross-riding motorcycle seat of a certain series was predicted by using the Curve instruction in Rhino as shown in Fig. 3 . 
Control point
EXTRACTION OF PROTOTYPE SEAT
In order to predict the motorcycle seat by linear regression analysis, the prototype seat should be considered as the reference seat. The prototype seat is the modelling extracted from the samples after parameterization, which is based on the averaging calculation. In order to eliminate the interference factors of the original motorcycle seats of a certain series, sixteen similar cross-riding motorcycle seats of other brands are selected as the samples for an accurate reference. The side profiles of the 16 seat samples (marked: Model A, Model B, and Model P) are illustrated in Fig. 4 , and each sample was processed with the grayscale. The seats of the 16 sample models were parameterized, and the corresponding coordinates were averaged to obtain the control coordinates of the prototype seat. Based on the characteristic parameter reverse generation principle, the side profile of the prototype seat was modelled by using the Rhino as shown in Fig. 5 . 
KANSEI SCORE AND REGRESSION ANALYSIS OF PREDICTIVE SEAT
Based on the focus group method and the literature, the kansei words were collected, which depict the seat, and then used the subjective evaluation and KJ method to exclude inappropriate or nearterm words. The KJ method was proposed by Tokyo humanist, Kawakita Jiro. Finally, five kansei words that describe the seat were obtained: dynamic, modern, streamlined, stylish and comfortable. Then the five kansei words were used to describe the 16 sample seats, prototype seat and predictive seat using the 7-order Semantic Differential (SD) scale method to conduct a kansei questionnaire. The respondents rated the kansei image of 18 motorcycle seat stylings. The higher the styling score means the higher compatibility mapping kansei image of seat styling to kansei words. The kansei scores provided by 50 respondents (of which 26 people have a design background and 24 people do not) were recorded as follows. The dynamic image scores are listed in Table 6 . In order to verify the accuracy from the perspective of kansei image, linear regression analysis is used to study the relationship between seat styling and kansei image. Taking the word "dynamic" as an example to analyse the images. In this study, the relative coordinate value of the control points of each type of seat is an independent variable, and the average score of the dynamic image is a dependent variable. The relative coordinates of the control points are obtained from the difference between the coordinates of the control points of the sample seats and that of the prototype seat. The regression coefficients are obtained by linear regression analysis by inputting the relative coordinates of the side profile control points of the 16 sample models and the mean value of the "dynamic" kansei word into the SPSS. In the linear regression equation, because the term whose regression coefficient is less than 0.1 has little effect on the overall result, it can be ignored in the calculation. The linear regression equation is (15) The relative coordinate parameters of the predicted seat of a certain series of cross-riding motorcycles are substituted into the dynamic image regression equation. The relative coordinates are the difference between the control-point coordinates of the predictive seat and that of the prototype seat as summarised in Table 7 : Relative coordinate parameter of predictive seat of certain series of cross-riding motorcycles (mm).
RESULTS AND DISCUSSION
ERROR ANALYSIS AND RESIDUAL TEST RESULTS
The error is the difference between the theoretical and real values. In this study, the theoretical value required for the error analysis is the regression analysis value of the predicted seat, and the real value is the mean value of the kansei imagery score.
According to Eq. 11, The relative error of the kansei score of the word "dynamic" is 0.0806. The error value is small, which indicates that the predictive modelling of the motorcycle seat according to the GM(1,1) model is feasible for the "dynamic" image prediction. The error values of the kansei score of the words "modern" and "streamlined" are relatively small, 0.0561 and 0.0675, respectively. The relative error corresponding to the word "stylish" is 0.0174, which is very small. It shows that the GM(1,1) model for the prediction of the "stylish" image is excellent. The relative error corresponding to the word "comfortable" is 0.0919. The relative errors of the kansei scores of all the five words are less than 0.010, indicating that they are qualified.
PREDICTIVE MODELLING CORRECTION
The theoretical values of "dynamic" and "comfortable" images are excessively lower than their corresponding real values; therefore, the theoretical values need to be increased. In addition, the theoretical values of "modern" and "streamlined" images are higher than their corresponding real values; therefore, the theoretical values need to be reduced. In the image regression equation, adjusting the parameter values has a corrective effect on the five image scores, which are -4.120, -0.2115, +0.751, -3.089 and -1.408, according to the coefficients of P41y. In the image regression equations corresponding to the words "dynamic", "stylish" and "comfortable", the coefficient is negative. In order to increase their theoretical values, the value of P41y is reduced. The predicted value of 5.38 is reduced to 5.28. In other words, in the view of motorcycle seat modelling, point P41y is moved along the y-axis by 0.10 mm downward. After correction, the results are as follows: the scores corresponding to "dynamic", "modern", "streamlined", "stylish" and "comfortable" are 3.11, 3.42, 4.20, 2.40 and 3.76, respectively. The relative errors corresponding to "dynamic", "modern", "streamlined", "stylish" and "comfortable" are 0.0596, 0.0621, 0.0500, 0.0435 and 0.0553, respectively. In these five errors, only two errors are less than 0.0500, which indicates that they are excellent, and the remaining three are qualified. All the results are within the allowable range of error.
Residual test results are satisfactory, and if the posterior error test also qualified, indicating that the GM(1,1) model applies to motorcycle seat modelling predictions. From the residual test and posterior error test, it can be observed that the model has high precision, which shows that GM(1,1) is suitable for the prediction of the shape of motorcycle seats. The final distribution of the theoretical and real values of the kansei score, which is adopted to describe the predictive seat, is shown in Fig. 6 . The predictive profile of the motorcycle seat after final correction is illustrated in Fig. 7 . This modified predictive seat styling meets the safety requirements of the seat. First, it gives a sense of flexibility and comfort. Second, the rear end of the seat is upturned, preventing the occupants from skidding when the motorcycle accelerates sharply. Third, the middle part of the seat is protruded, which is designed to prevent the rider from skidding on the body during rapid acceleration of the motorcycle, affecting the operation and safety of the motorcycle. Finally, the seated area under the sciatic bone is approximately horizontal to avoid discomfort caused by excessive compression of the femur. Fig. 8 is a comparison between the pre-and post-revisions of the predicted seat styling. The red line is the original predictive seat styling, and the black line represents the modified predictive seat styling. When compared with the original predicted seat, the modified seat has only a slight change in the lower right side of the seat. However, because of this little change, the seat, in theory, is more in line with the requirements of higher accuracy. The predictive seat and the existing motorcycle seats of a certain series were compared. In this study, three representative groups are selected. Fig. 9 is the comparison between the predicted seat styling and the existing seats of a certain series. It can be observed from Fig. 9 that the predicted seat and the existing seats are the same in some details, such as the approximate level of the seat surface, the upturned seat back, and the protruded middle part of the seat. The predicted seat is consistent with the existing seats, and the prediction results are satisfactory.
VERIFY PREDICTED RESULTS
In addition, an electronic questionnaire was developed to gather the information for the study to verify the predicted results. There are four questions in the questionnaire, as follows： (1) The gender of the respondents.
(2) Whether the respondents have a design background.
(3) Whether the respondents have experience of riding motorcycles.
(4) Compare the predicted motorcycle seat styling with the existing ten seats of certain series. Then rate the degree of serialisation of the predicted seating styling. The degree of serialisation is graded with five scores. The higher the score is, the higher the degree of serialisation of the predicted seat is. 110 valid questionnaires were received. Respondents including 44 males and 66 females; 40 people have a design background, while 70 people do not; 69 people have experience of riding motorcycles, while 41 people do not. The results of the degree of serialisation of the predicted seating styling is shown in Fig. 10 . According to Fig. 10 , there are 24, 40, 35, 10, and 1 people who have selected Level "5", "4", "3", "2", and "1", respectively. According to the survey results, the majority of respondents believed that the predicted seat styling and the original ten seats are highly serialized. This result proves the feasibility of using GM(1,1) model to predict the motorcycle seat styling and the validity of prediction results.
CONCLUSIONS
In this study, the GM(1,1) model is used to predict the motorcycle seat styling of a certain series of a certain brand of motorcycles. The results and contributions are as follows:
(1) The grey model prediction method provides the theoretical basis for the development of the motorcycle seat modelling. Through the case analysis, the kansei word regression equation was established with the score of the kansei words questionnaire, and the predictive modelling of the seat was tested and corrected.
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(2) The process verifies the feasibility and rationality of the grey prediction theory in predicting the modelling method of motorcycle seats and provides an effective reference and evaluation method for the motorcycle seat styling design.
(3) The proposed framework, as demonstrated by the case study, can be applied to a range of conditions for the motorcycle seat styling design. It provides a relatively easy methodology for establishing the motorcycle seat model and enhances the decision-making process in the motorcycle seat styling design with limited data, especially at the project level. In the future design and production of motorcycle, this would provide references and assistance for motorcycle designers in the series design of motorcycle.
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